Reports indicate that the standard membrane filter (MF) technique for recovery of fecal coliform bacteria from chlorinated sewage effluents is less effective than the multiple-tube ( Hoadley (2) later reported that Escherichia coli injured during chlorination of secondary sewage failed to produce colonies on MFs incubated on M-FC medium or to grow and produce gas in lactose broth. In their studies, recovery by the MF method was generally poorer than that by other techniques employed. Because chlorination is currently the most common form of sewage disinfection and is now required year-round in many states, the Environmental Protection Agency has recently suggested that the multiple-tube test be used as the method of choice for fecal coliform determination on effluent containing chlorine (11).
In 1958 McKee et al. (5) indicated that the membrane filter (MF) technique for the recovery of total coliforms from chlorinated effluent was less effective than the multiple-tube or most-probable-number (MPN) procedure. Lin (3) in 1973 evaluated methods for enumerating fecal coliforms from chlorinated sewage effluents and likewise concluded that the MF technique, with M-FC medium at 44.5°C, was less efficient than the elevated temperature multiple-tube procedure for fecal coliform recovery. Maxcy (6) suggested that nonlethal injury of coliform bacteria by various treatments, including chlorination, reduced the ability of cells to grow on selective media. Braswell and Hoadley (2) later reported that Escherichia coli injured during chlorination of secondary sewage failed to produce colonies on MFs incubated on M-FC medium or to grow and produce gas in lactose broth. In their studies, recovery by the MF method was generally poorer than that by other techniques employed. Because chlorination is currently the most common form of sewage disinfection and is now required year-round in many states, the Environmental Protection Agency has recently suggested that the multiple-tube test be used as the method of choice for fecal coliform determination on effluent containing chlorine (11).
It has been postulated (3) that the broth medium of the presumptive MPN test provides a more favorable environment than the MF surface for the repair of sublethally injured cells. Since damaged cells may be more sensitive to the temperature shock of the immediate 44.5°C incubation required by the MF method, several enrichment procedures have been advanced to increase MF recovery of fecal coliforms. Stevens et al. (8) proposed a 2-day procedure, which included an overnight acclimatizing period for the fecal coliforms on a minimal medium at 250C. The membrane was then transferred to M-FC agar for an additional 24-h incubation at 44.5°C. Recovery of fecal coliforms from marine waters by this method was equal to about 90% of the MPN recovery when correction was made for the MPN bias.
Rose et al. (7) reported on an improved fecal coliform MF method, using M-FC agar with a lactose agar overlay. After the plates were incubated at 350C for 2 h, the temperature was increased to 44.5°C for 22 to 24 h. When tested with a variety of water samples, the two-layer agar method yielded almost twice the number of fecal coliform colonies recovered by the standard MF procedure. However, the proposed method was not compared with the multipletube test for recovery of fecal coliforms.
Comparisons of fecal coliform recoveries from chlorinated effluents by the standard MF Incubation at 35°C for 5 h followed by 18 ± 1 h at 44.5°C was determined to be the most productive temperature-time combination, yielding the highest recovery of fecal coliforms without excessive background growth. After the optimum conditions were established, a study was carried out to compare the modified method with the standard MF and multiple-tube methods, using laboratory-chlorinated primary sewage effluent.
Plant-chlorinated samples. The study was extended to include an evaluation of the modified method for fecal coliform recovery from plant-chlorinated effluents. Samples were collected from several primary and secondary treatment plants at various times after normal chlorination. Treatment plants cooperating in this project were in the towns of Amherst, Sunderland, Northampton, Greenfield, Millers Falls, and South Deerfield, Mass. Additional samples from Bozeman and Trident, Mont., plants were analyzed at Montana State University to achieve sample diversity. Samples were neutralized immediately or after holding from 4 to 25 min depending upon chlorine residual measurements and the distance they were collected from the chlorinator. After dechlorination, the samples were analyzed as previously described.
Since fecal coliform densities covered many orders of magnitude, all data were expressed and analyzed as logarithms (base 10). For the purpose of comparing methods it was found most illuminating to plot one method against the other as has been done by Lin (3) . In this type of graph the line of equality represents perfect agreement between the two methods. The best-fit straight line was computed by the method of least squares, and the correlation coefficient was computed by standard statistical procedures. A measure of productivity or recovery of one method with respect to another was ob- (3) and others. When the modified MF method was compared with the MPN method using the same samples, the points fell closer to the line of equality (Fig. 3) . The correlation coefficient was calculated as 0.92, and the mean count by the modified MF method increased to 49% that of the MPN procedure. Upon closer examination of the data, it was found that agreement between the modified MF method and the MPN method was greatest with samples from secondary treatment plants. Fig Fig. 4 . The correlation coefficient is 0.97, and the recovery with the modified MF method increased to 68% that of the MPN procedure. This greater agreement between the modified MF method and the MPN method from samples of secondary effluent could be related to the effectiveness of chlorination in effluent containing less organic material.
A total of 3,133 colonies recovered by the modified MF method were verified (Table 4) . Of these, 2,910 (93%) were confirmed as fecal coliforms, indicating that the 35°C preincubation does not lower the confirmation rate below that expected when the standard MF technique is used.
In these comparisons the multiple-tube procedure was used as the standard, but it must be noted that there are inherent shortcomings in this technique. The MPN method is based on probability statistics, and estimates of bacterial APPL. ENVIRON. MICROBIOL. (10) . On Fig. 4 we have represented this predicted variability VOL. 33, 1977 on October 19, 2017 by guest http://aem.asm.org/ as a 95% confidence envelope drawn at ± 1.96 o-, or ±0.48 log cycle from the best-fit line. Of the 40 points on the graph, five fall outside this envelope, four of these being very close to its boundaries. Thus, the observed scatter does agree with that predicted from MPN theory.
The best-fit line on Fig. 4 lies below the line of equality by 0.17 log unit, indicating an average modified MF recovery of 68% of the MPN. However, it is known both theoretically (9) and experimentally (5) that MPN estimates are positively biased. Thomas (9) gave a factor of 0.851 to correct for the positive bias in five-tube tests, and Lin (3) used this factor in data analyses similar to Fig. 5 . Multiplying each MPN by 0.851 has the effect of moving the best-fit line 0.07 log unit closer to the line of equality. The discrepancy is then 0.10 log unit, which corresponds to 79% recovery.
In conclusion, our studies indicate that, whereas the standard MF technique for fecal coliforms from chlorinated effluents compares unfavorably with the MPN method, a simple modification in the incubation procedure greatly enhances recovery. This modification, a 5-h incubation at 350C, results in fecal coliform counts approximating the MPN in laboratorychlorinated sewage effluent and plant-chlorinated secondary effluent. Development of a temperature-programmed incubator to make the change from 35 to 44.50C after the 5-h preincubation period would eliminate any inconvenience to laboratory personnel and provide a practical method for analysis of samples containing injured fecal coliform populations.
